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DISCLAIMER 


The contents of this report reflect the views of the authors 
who are responsible for the facts and the accuracy of the data 
presented herein. The contents do not necessarily reflect the 
official views or policies of the Montana Department of Highways 
or of the Federal Highway Administration. This report does not 


constitute a standard, specification or regulation. 
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ABSTRACT 

Included in this report are sections on the following 
subjects: a) a description of a statistical model for rutting in 
asphalt pavement overlays based on asphalt cement and pavement 
mix parameters; b) discussion of a statistical model for 
transverse cracking in pavements which have no overlays based on 
Similar parameters; c) a study of the variability in certain 
asphalt characteristics in nine paving projects constructed in 
1988; an evaluation of four 1988 pavements in terms of 
variability in certain asphalts and mix factors; d) details of 
the performance of the 1983 Montana Test Sections and a number of 
other pavements which have been part of an aging study as a 
prelude to the use of these data in the improvement of pavement 
performance; e) finally, the results of a survey taken to 
ascertain the experience of other state and provincial agencies 


with asphalt modifiers of various types. 
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SUMMARY AND CONCLUSIONS 

This report details the results of several tasks intended to 
gather data and information in a variety of areas important to 
the Montana Department of Highways. Because each of these tasks 
could stand alone, this summary will present each task 
individually. 

Using data gathered for an earlier rutting study, a 
statistical evaluation of rutting in pavement overlays was 
undertaken. The modelling efforts involved a multiple regression 
analysis with rut depth as the dependent variable and a large 
number of asphalt and mix factors as independent variables. The 
models obtained emphasize the importance of aggregate gradation 
variables, penetration (40°) as well as characteristics of the 
underlying pavement. 

The statistical analysis of cracking used portions of the 
same data base described above to attempt to model contributors 
to transverse cracking in the Montana Interstate System. 
Pavements which have not received overlays were studied. 
Variables found in the model include asphalt content, age, 
climate region and three aggregate gradation factors. This model 
is not felt to be entirely satisfactory. Discussion of problems 
as well as some details about the data are included. 

Task 4 involved monitoring the asphalt cements used in eight 
paving projects constructed during the summer of 1988. Asphalt 
cements used in the design and construction as well as asphalt 
extracted from design and construction mixes were analyzed by HP- 
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GPC. In some cases, the asphalt used in design differed 
Significantly from that used in construction. There was also 
some variability in the HP-GPC characteristics of the asphalt 
cement used in construction;. the range of SLMS was as little as 
1.1 to as much as 9.7%. The thin film oven test sometimes 
produced widely differing results that did not always reflect the 
variability of the asphalts from which they were derived. Most 
important, however, is the variability seen in the asphalts 
extracted from finished pavements. In six projects, the LMS 
range is between 0.9 and 1.3%; this range is 2.2% in one project 
and 10.8% in one project. 

Other construction variables were monitored under Task 5. 
Marshall stabilities were found to be generally higher in the 
pavement than in design or laboratory prepared samples. However, 
there are wide ranges in the pavement values. Asphalt content as 
determined by solvent extraction was found to vary considerably 
more than when determined by nuclear density instrument. Asphalt 
content often was significantly different than the design 
requirement. 

Variability in voids content, especially in samples within 
about 250 square feet, was Significant and may make finding 
relationships with performance very difficult. 

The most recent observations of the Montana Test Sections 
near Big Timber show that the number of transverse cracks 
continues to increase in many sections, although the increases 
are tempered by evidence for healing in some sections. However, 
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some sections, including that for which the asphalt was designed 
by HP-GPC to resist cracking, continue to give crack-free 
performance. 

Rutting continues to increase in some sections and a few 
sections underwent significant increases in rut depth during the 
unusually hot summer of 1988. However, some sections are quite 
resistant to rutting. 

Also included are results from the 1988 survey of aging 
study projects. These pavements have been followed at intervals 
Since their construction 7 to 12 years ago. Most of the 
pavements are overlays. Differences in performance are noted. 
Few significant changes in HP-GPC characteristics of the asphalts 
have been seen. 

Using data derived from studies to date, the possibilities 
for improving performance are discussed. 

Finally, the results of a survey of 30 state and provincial 
transportation agencies have been tabulated. The agencies report 
trials of a variety of polymers, fibers and latexes as well as 
such things as sulfur, carbon black, deicing agents, rubber and 
Chemcrete. Many trials are in the very early stages and some 
results are mixed for similar products. A list of references to 
reports on the construction experience and on some performance 


observations is included. 
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INTRODUCTION 

In early 1988, this research group began work on a series of 
tasks in a project designed to gather data and information ina 
variety of areas important to the Montana Department of Highways. 
These tasks range from statistical analysis of data collected 
under a previous contract, to monitoring variability in selected 
paving projects to surveying neighboring states and provinces on 
their use of asphalt additives and modifiers. In fact, these 
tasks are so diverse that it seems reasonable to treat them as 
separate entities within the confines of this final report. 

A report on Task 1, concerning a statistical analysis of 
contributors to rutting, was submitted earlier but has been 
included here as well, in order to gather all the results in one 
document. 

Task 2 involved the design and construction of several 
Special Provisions paving projects. Although a small amount of 
very preliminary work was done, these projects were delayed. 
Therefore, no results from this task are contained in this 
report. 

Task 6 provided an option to the MDOH to have samples tested 
by HP-GPC and Laboratory Simulation as part of its mix design 
process. No requests for such services were received, however. 

The remaining tasks will be presented individually with 
brief introductory paragraphs, notes on procedures and 


discussions of results. 
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Task 1. Statistical Analysis of Rutting in Overlays in the 
Montana Interstate System. 
Introduction 

In work previously reported, (1) a study of rutting on the 
Interstate highway system in Montana was undertaken. That study 
involved evaluation of a variety of common physical parameters as 
well as analyses by HP-GPC and relationships of the results with 
rut depths actually measured in the pavements. The desired 
product was a statistical model that would describe rutting 
throughout the Montana Interstate system. 

Efforts to derive a statistical model for all Interstate 
paving projects was not possible, however. Rutting rates 
appeared to differ with age and a stable model could not be 
achieved until pavements that contained overlays were separated 
from those that did not. The model for non-overlayed pavements 
has been reported; models for pavements with overlays will be the 
subject of this report. 

The Data 

The design of the study, the collection and statistical 
analysis of data have been described in detail elsewhere (1), and 
that discussion will not be repeated here. However, a few points 
specific to the overlayed pavements will be made. 

There are two groups of overlay-containing pavements, those 
with open graded friction courses (OGFC) in addition to the dense 
graded overlay, and those without OGFC. Open graded friction 


courses are fairly thin layers, and do not lend themselves to the 
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testing done on dense graded pavements. No tests were done on 
OGFC"ssduning sehisestudy. tihemeftiectrof that si<*initessence, a 
tacit assumption that rutting is controlled by the dense graded 
pavement layers. However, it was noted in (1) that, at four 
Sites, badly stripped dense graded lifts were found under OGFC. 
Rutting at those sites was negligible at the time of sampling 
(1986) and had not changed significantly when those sites were 
resurveyed in 1988. in) other wordsjwit 1s) notventirely accurate 
to assume that rutting is controlled by the dense graded 
pavement. 

With this in mind, it was decided to attempt to derive 
statistical models by grouping the data for overlay pavements in 
three ways: 1) the whole set including OGFC-containing pavements 
as well as those without OGFC; 2) pavements with OGFC only; 3) 
pavements without OGFC only. This has at least one serious 
disadvantage in that groups 2 and 3 will have reduced numbers of 
observations, making modeling more difficult and less reliable. 
And, in fact, the set containing only overlays without OGFC did 
prove to be impossible to model. However, the other two data 
sets did yield reasonable models which will be discussed in the 


next sections. 
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Models for Overlays with OGFC 


In this section, two possible models for rutting in 
overlays with OGFC's will be presented. The differences between 
them as well as the problems leading to a proliferation of models 
will be discussed. 

Model I. Figure 1 contains a plot of rut depth (in mm) versus 
the age of the overlays. This Shows, first, that) all of the 
pavements in the data set, except one, are 6 years old or less, 
and most are two years old (37 of 62). This has some 
ramifications for the statistical work in that a wider spread of 
ages would be desirable. 

Maximum rut depths are just under 0.5 inch. This narrow 
range is also less than ideal for statistical modeling. 

For this modeling effort, the list of independent variables 
has been essentially the same as for the non-overlayed pavements, 
except that data for both overlay and original pavements have 
been included. 

Table 1 contains essential information for Model I. There 
are 9 variables in this model. 

It is not surprising that certain variables from the 
original pavement appear to influence rutting in the overlay. 
However, it is interesting that penetration at 40 °F and 
aggregate retained on the 80M screen do not enter the model for 
non-overlayed pavements(1). Also note that the sign of the 
parameter for pen 40 indicates that as pen increases rutting 


decreases. Considering pen 40 in isolation, that is not logical. 
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Plot of Rut Depths (mm) vs. Pavement Age for OGFC-containing 


Projects. 
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FIGURE l. 
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Table 1. Model I for rutting in overlays with OGFC 


Parameter ‘®>? Standard‘? 

Variable Estimate Error Probabwiitty ©2-2 
intercept =t3}q Syd! 4.29 0.0528 
Faces ‘1? -0.08 e002 0.0003 
Agg. 40‘°2> 0), BE OREO 0.0001 
Pen 40>? 4 .88xl07 > Oya iscal a = Ds OOO 
is  Waley~ =25 BSA) = S21 x1 Oss 0.0059 
ae S Aashx1or 4 Pasx lone 0.0855 
Pen 407 °#> = 99x11 Oe Sen Sch mes OROZT2 
AGG. a4 a2 Q) 5 448) Sas Ones 0.0001 
% LMS‘®? =0.15 Goals 0.0823 
AGG. s80msot2: -0.29 Biase Ome 0.0014 
F value La 5 BOA! 


Adjusted R? 0.6809 

No. of observations 53 

*Value of variable in original pavement 

(1) Percent fractured faces in overlay 

(2) Percent of aggregate retained on 40M after passing 10M 

(3) Penetration of recovered asphalt at 40 °F x commercial 
Guatiicsfactor 

(4) Penetration at 40 °F of asphalt recovered from original 
pavement x commercial traffic factor 

(5) Percent of aggregate retained on 4M after passing 3/8" 
screen 

(6) Percentage of LMS material in recovered overlay asphalt by 
HP-GPC 

(7) Percent of aggregate in original pavement retained on the 
80M after passing the 40M screen 

(8) The amount by which the value of the variable is multiplied 
in the equation for the model 

(9) The standard error for the Parameter estimate 

(10) An expression of the likelihood that the parameter is 
actually zero. A value of 0.0500 or less is most desirable 
(i.e., the probability is 5% or less that the parameter 
value is zero) 
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Nevertheless, none of these variables is isolated. 

Just as in non-overlayed pavements, viscosities make very 
puzzling contributions to this model. In Model I, kinematic 
viscosity of the lower lift has a negative Chijeiel,. abet fie 
viscosity increases, rutting decreases as one might expect. 


Absolute viscosity of the upper lift also enters the model, but 
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with a positive sign. Measures of temperature susceptibility, 
including PVN, VTS, PI as well as the difference between the 
viscosity values (after converting to the same units) were put 
into the list of potential independent variables. However, none 
of these was found to be significant. 

Model II. These seeming contradictions prompted the suggestion 
that a second model be constructed after removing outliers of 
both absolute viscosity and penetration at 40 °F of the lower 
lift from the list of potential variables. When this was done, 
there were several changes in the Model (See Model II, Table 2). 
For example, kinematic viscosity dropped from the Model. Also, 
Model II contains no reference to the percentage of fractured 


faces. 


Table 2. Model II for overlay pavements with OGFC, absolute 
viscosity outliers deleted 


Parameter Std 

Variable Estimate Error Probability 
Intercept oie dks 3.0 0.0004 
AggGa40..22 0750 O20 0.0001 
Minus 200 -0.54 0.16 0.0016 
rens40 2 SOx) O00 me eck. Oca 0.0001 
AGG 4622 0.42 0.08 0.0001 
a7 Ne fae PSH AYS So O37 O07 0.0001 
SLMS S42 Ara Oe 02 me 0.0095 
F value Fl 5 TAS! 

Adjusted R? 0.6595 


Number of observations 53 
*Values for original pavement 


(2) Percent of aggregate retained on the screen having passed 
the next larger screen 

3) Penetration at 40 °F x commercial traffic factor 

4) Percent LMS in recovered asphalt x commercial traffic factor 
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In Model II, the percentage of minus 200 aggregate enters 
with a negative parameter. In non-overlayed pavements, the 
parameter for this variable was positive. This is not easily 
justified except to say that, for the overlay data set, lower 
percentages of minus 200 are associated with MLE LN « 

The LMS content is modified by traffic levels in Model II 
and is more significant (probabilities: 0.0823 in Model I, 
0.0095 in Model II). 

Plots of residuals, that is the difference between predicted 
and measured rutting, for these models are in Figures 2 and 3. 
For Model I (Fig. 2), rut depths on all but 4 of the sites (8%) 
are predicted within +2 mm; for model II, the data is similar. 
Model I predicts 33 sites (62%) within +1mm; Model II predicts 


653. within this range. 
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FIGURE 3. 


Legend: A= 1 obs, B= 2 obs, etc, 


PRED 
Plot of Residuals vs. Predicted Rut Depth (mm) for Model II. 
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Contributions of the variables in each of the models to 


rutting in overlays with OGFC are detailed in Tables 3 and 4. 
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Table 3. Contributions of Predictors to Predicted Rut Depth - 


Model I 
Site 23 Site 184 

Intercept mats haps | Si 25a, 
Faces acute: aff =O. 0 
Agg 40 945 Ose 
Pen 40‘? iT 3 OPA 7 
KtgeVias -2.13 -0.90 
ApmevLs Om52 so 
Pen 40*‘?> -3.27 -0.54 
Agg 4 SOD 92.6 
% LMS = 3250 =—3' 70 
Agg 80~ 1. 8h 2.04 
Predicted rut depth, MM alee 4.1 

Measured rut depth, MM ee ae) 


1) Modified by commercial traffic factor 
*original pavement 


= es ES ee ee ee eee 22 


Table 4. Contributions of Predictors to Predicted Rut Depth - 


Model II 
Siitew23 Site 184 

Intercept =e 5 eae Le eas tho) 
Agg 40 8.0/5 oe 5 
Minus 200 2s OF, =3-59 
Pen 40‘? owey 02 S7 
Agg 4 10.89 oF 5 1. 
Agg 80* 2362 Cn oe 
SaLMs <2? = JPsed © =O. 79 
Predicted rut depth, mm Os: Ph 

Measured rut depth, mm Lie Se 7. 


(1) Modified by commercial traffic factor 
*original pavement 


The potential range of contributions from the predictors for 
each model based on the values of the mean and the mean + 1 


standard deviation of the variable actually found in the data set 


are given in Tables 5 & 6. 
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Table 5. Calculated Range of Rutting Performance Based on 


Overlay plus OGFC Data Set -. Model I 


Theoretical Rut Depth, mm 


Approx 

Predictor Coeff. Range Min tia? Ave. ‘> Max‘>? 
Intercept =$ 54 -- =3 754 Osi O4 =8 54 
Faces -0.08 (S6et0 9) =i. 00 sei nstsisl =O 6 
Agg. 40 0256 G1 Saree ” 3)) +8.4 +10.08 * 76 
Pen 40‘*° 4.88x107°> (295 Cec) Eno 6 eed +5.09 
Kavis* 32. GIELOMS ACG 4233 6} = 2 84S = Gi, =O. 15 
A vis 2. 31X10 Se 898042559) +0. 32 +0297 ere 
Penw40** Sy 399x10-= (26+11) =206 =k esQ3 eG est Oe) 
Agg 4 0.43 (2444) +3.60 = Oo +12.04 
% LMS = OS (2223') ebay WB = 39950 Pee roe) 
Agg 80* =0.29 (EOS) ee -2.9 =) OS 

Oe s2 =O 10.08 


(1) based on mean - 1 standard deviation 
(2) based on mean 

(3) based on mean + 1 standard deviation 
(4) x commercial traffic factor 
*original pavement 
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Table 6. Calculated Range of Rutting Performance Based on 
Overlay plus OGFC Data Set - Model II 


Approx. Theoretical Rut Depth, mm 


Predictor Coeff. Range Min. <7 Aveys-? Maxi? 
Intercept easter - =O LD ie te) as Yi fs 
Agg 40 0.50 (924) a2 Fig a0) ae 8) SiO) tl eilee O 
Pen 340 {2 SRO e One mors ) sp OG AS am She abal an 55 VS 
Minus 200 -0.54 Gta) = 448)2 =I3 sn) O = 3) Au 
Agg 4 0.42 (2444) + 8.40 +10.08 +11.76 
a LMS See, =A'PAX10> SAC2243:) = Sas = 1°83 —=0n48 
Agg 80* Oa.) 


(1) based on mean - 1 standard deviation 
(2) based on mean 
(3) based on mean + 1 standard deviation 
(4) modified by commercial traffic factor 
*original pavement 
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The percentage of fractured aggregate appears to make a 
Significant contribution to rut resistance in sites 23 and 184 
using Model I (Table 3). However, the variable does not enter 
Model II. Moreover, data in Table 5 show a difference of only 
1.5 mm of predicted rutting over the range mean +1 standard 
deviation (77-95% of aggregate larger than 4M with at least one 
fractured face). In other words, the percentage of fractured 
aggregate is important and the highest possible percentage is 
desirable, but the variable is fairly well controlled in these 
pavement layers. 

Other aggregate variables contribute to both models. Model 
I seems to indicate that the amounts of aggregate retained on the 
4 and 40 M screens should be decreased and the amount retained on 
the 80 M increased. However, the ranges in the data set do not 
permit one to define the limits of these changes, nor do they 
indicate where the slack may safely be taken up. Similar 
comments could be made about aggregate variables in Model II. 
Four of the six variables in Model II do derive from the 
aggregate gradation, however, emphasizing the importance of this 
characteristic of the mix. 

The penetrations at 40 °F of the asphalt recovered from both 
overlay and original pavement enter Model I. Both are modified 
by commercial traffic factor. Over the range of values in the 
data set, pen 40 (overlay) could contribute as much as 5 mm of 


rutting. Pen 40 in the original pavement has a negative 
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coefficient, but its contribution is very small. Only pen 40 of 
the overlay enters Model II. 

The percentage of LMS does not make a large contribution in 
Model I ("saving" from 2.8 -to 3.7 mm of rutting). However, the 
range of LMS contents is rather narrow. When modified by 
commercial traffic factor, as in Model II, the contribution of % 


LMS is somewhat greater, but still small. 


Model for Overlays With and Without OGFC 
In this modelling effort, the data for all overlays and 


their corresponding original pavements were used. The presence 
or absence of an open graded friction course was used as a 
potential variable. 

Figure 4 contains a plot of rut depth versus age for this 
data set. Overlays with OGFC are designated 0, those without by 
+. This is a larger data set than was used for Models I and II. 
However, although the maximum age is 11 years, the mean age is 
3.3 years and 18 pavements are just two years old. Maximum rut 
depth is 15.7 mm (about 0.6 inch). In terms of confidence in 
model building, this situation is marginally better than that for 
Models I and Il. 

Table 7 contains information about Model III, constructed 


for this’ data set: 
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Plot of Rut Depth (mm) vs. Age of Pavement for OGFC-containing 


(+) and other overlays, (0). 
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Table 7. Model IIIy for all overlay pavements 


Parameter Standard 
Variable Estimate Enron Probability 
Intercept Lo. 47 2557 0.0001 
Faces ‘> -0.09 0.02 0.0005 
OGFC -2.90 Dex (a? 0.0001 
Age* OFLO0 0.04 0.0099 
Pen. 77 -0.04 OnOw 0.0010 
AGG. 0.3755 =- -0.24 0.09 0.0065 
Pots pay PHOS 22 O39 Caro 0.0004 
Pen. 40‘°*? 53x) Ota Pale LOge 0.0001 
Agg. 40*<=? G22xL05— Meox Oe 0.0009 


F value - 19.82 
Adjusted R? - 0.6765 
Number of observations - 72 


*value of variable in original pavement 


(1) Percent fractured faces in overlay 

(2) Aggregate retained on 3/8 inch (0.375 inch) screen after 
passing the 0.5 inch screen. 

(3) Aggregate retained at 80M after passing the 40M screen. 

(4) Penetration at 40°F of asphalt recovered from overlay x 
commercial traffic’ factor: 


(5) Aggregate retained at 40M for original pavement x commercial 
trakiicytactor- 


a 
Model III predicts rutting reasonably well as shown by the 


plot of residuals versus predicted ruts in Figure 5. Rutting in 
79 percent of the sites is predicted to within +2 mm of measured 
rutting and in 92%, to within +3. mm. 

Of the eight variables in Model III, four are aggregate- 
related, emphasizing the importance of aggregate gradation and 
fracture seen in other models. 

The mechanism by which age of the original pavement is 
associated with rutting in the overlay is not obvious. However, 


the probability is 0.0099 for this variable and it has been 
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Legend: A= 1 obs, B= 2 obs, etc, 
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FIGURE 5, Plot of Residuals vs. Predicted Rut Depth (mm) for all overlays. 
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determined that this age is not a spurious entry resulting from 
its association with another variable(s). Nevertheless, it is 
not a controllable quantity. 

Calculated potential contributions of each of the variables 
to rutting based on the mean value +1 standard deviation for the 
variables found in the data set are given in Table 8. 


Table 8. Calculated range of rutting performance based on data 
set for overlay pavements, Model III. 


Approx. Theoretical Rut Depth, mm. 


Predictor Coeff. Range Minds? Avewic? Maxie. 
Intercept 15.48 =-- 15.48 15.48 15.48 
Faces -0.09 85+10 =3..55 -7.65 =6.75 
OGFC -2.90 Ol eng Al -2.90 -- 0.00 
Age* ORL -- 69 1.69 IL 5 GS) 
Pen. 77 -0.04 67+28 -3.80 =-2.68 = 56 
ING TS. (Og Si7/'s) -0.24 1S 2056 -3.58 =2..95 =) 5 Sh) 
Agg. 80 0.39 Se O25 Dosis Siem 4.49 
Pen. 40 Dio Uae ees Oo eer 2655 AYOL Ses 
Agg. 40* G2 OLS 7 tat. 2.86 DE PD) HE 
6.59 Me 4 Za 19.04 


*for original pavement. Because these variables are 
uncontrollable at the time an overlay is placed, the mean value 
of the variable is used in all cases as an example. 


a a re 


The contribution of fractured faces in the aggregate is 
important, but the differences in that contribution over the 
range actually found in the data set is rather small. In facie, 
the same might be said for all of the predictor variables. The 
Meheoretical™ range GE rutting based on this data set is 0.27 to 
0.78 inches. This, no doubt, reflects the nature of the data 
set. The ranges of values of predictor variables actually coune 


in these overlays are not very wide. 
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Conclusions 

The statistical modeling of rutting in overlay pavements is 
hampered to some degree by the narrow range of ages and rut 
depths as well as of other variables in the subject pavements and 
by the lack of data on open graded friction courses associated 
with these overlays. 

Nevertheless the models obtained emphasize the importance of 
aggregate gradation in the overlays. mhey also-indicatela 
contribution from a lower temperature parameter, the penetration 
at 40 °F. Moreover, the models show that certain characteristics 
of the original pavement may influence rutting in the overlay. 

It is unfortunate that data on the rut depths in the original 


pavements at the time of overlay is not available. 
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Task 3. Statistical Analysis of Cracking on the Montana 
Interstate System 
Introduction 

Although presently overshadowed DVMEUCTINGe Wht ees 
immediate safety aspects, cracking continues to be a problem in 
Montana. HP-GPC studies have indicated that molecular size 
profile can point toward a tendency to crack. However, even the 
best asphalts by this criterion sometimes crack. Unfortunately, 
other contributory factors are not well-defined. 

When field performance data were collected for the rutting 
study [(1) and Task 1], crack counts were made at each sampling 
Site. Therefore, data was available to Carry out a statistical 
modelling study of the relationship of cracking to an extensive 
list of parameters. This study has been carried out with the 
help of statistician Tom Kalaris. 

The Data 

Details concerning the design of the study and the nature of 
the data are available in a previous report Oi) 

As with analysis of the rutting data, the cracking data is 
complicated by the presence of overlays. In an overlay it is 
usually not possible to tell whether cracks are reflected from 
the original pavement or inherent in the overlay itself. 
Furthermore, little if any cracking data is available for the 
original pavements. Therefore, it was decided to restrict the 
analysis to those pavements without Overlays. Unless 


specifically noted, the remainder of this discussion will focus 
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on those pavements which have not received dense- or open-graded 
overlays. 

Before beginning that discussion, however, it is of interest 
to look at the condition of the Interstate System with and 
without overlays in 1986 with regard to cracking. Figure 3-1 
plots the total number of transverse cracks counted in each 500- 
foot sampling site against the age of the uppermost lift for 137 
projects the age of which was known. More than one site may be 
represented by a point, especially for pavements (mostly 
overlays) which were two years old. Twenty-three percent of the 
pavements were in bad condition with regard to cracking. An 
additional 40% were classified "poor," and 27% "good." Less than 
10% were in excellent condition. 

There is a general trend toward increased cracks with 
advancing age, but the scatter of data indicates the influence of 
other factors. There were a few pavements that remained in good 
condition after as many as 25 years. However, there were a 
dismaying number of projects that had deteriorated seriously 
after only a few years. Particularly disappointing was the 
performance of a group of overlays constructed ari 9S Ae OL a3 9 
original paving projects overlayed at that time, only six 
remained in excellent condition after two years; 22 were "good" 
whereas 18 had already reached the "poor" or "bad" categories. 

It was visible in some cases that the cracks in these 
overlays had reflected from the original pavement. However, it 


waS not possible to quantify the extent of reflection-” Toé obtain 
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some basis in fact for a reflective cracking rate, cracks were 
mapped on a one-mile section of I-90 near Whitehall in June, 
1988(MP. 244-245, E.B.). A total of 128 full-width transverse 
cracks plus some longitudinal and other short cracks were noted. 
The major transverse and longitudinal cracks had been filled in 
preparation for the construction of a 0.3! plant mix overlay 
immediately thereafter [IR 90-5(47)240]. In late March, 1989, 
the area was resurveyed. A total of 80 reflected full-width 
transverse cracks were found; no additional transverse or 
longitudinal cracks were noted. In other words, 65% of the full- 
width transverse cracks had reflected through in just one winter. 
While it is true that the winter '88-'89 was a particularly harsh 
one, it is not possible to ascertain its effect on the cracking 
rate. [Note: to plot points in Figure 3-1 for these before-and- 
after observations, the original pavement was 22 years old and 
had approximately 12 total transverse cracks/500 feet; the 


overlay at one year had 8 total cracks/500 feet. ] 


The Statistical Analysis 


Simple correlations of the number of full-width transverse 
cracks with factors in the lengthy list of possible variables 
were obtained. No correlations were found between transverse 
cracking and the following individual variables: penetration 
grade of original asphalt, asphalt content of pavement, voids 
content, PVN or other temperature susceptibility measurements, 


penetrations, SLMS, commercial traffic factor, and Kinematic 
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viscosity, among others. Values of r? for other variables did 
indicate possible relationships: age (r? = 0.0021), absolute 
viscosity (r? = 0.0005 - this property was skewed by 3 very high 
values; when these unusual values were omitted, no relationship 
with cracking was indicated), viscosity temperature 
susceptibility modified by age (r7 = 0.0003), %SMS modified by 
age (r* = 0.0003), PVN modified by age (r? = 0.0001). However, 
as will be seen when the model for cracking is discussed, these 
variables may not contribute to the overall picture. 
The Model 

The statistical modeling for cracking proved to be very 
difficult. Numerous efforts to achieve a stable model were made, 
but results which seemed reasonable on the surface were not 
viable on statistical grounds. On the other hand, the best model 
which was achieved, mathematically speaking, is not particularly 
Satisfactory in terms of being helpful to MDOH in its efforts to 
minimize pavement cracking. Essential information for the model 
is contained in Table 3-1. 

This model resulted from a square root transformation: the 


equation for the model is 


Vnumber of cracks = she Po ty ECs eee 


where a is the value of the parameter and x is the value of the 
corresponding variable. Using the data set on which the model 
was constructed, a plot of the predicted number of cracks against 


the difference between predicted and actual number can be made. 
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Table 3-1. Model for Cracking in Non-Overlayed Pavements 


Parameter ‘1? Standard‘ 2? 
Variable Estimate Error Probability >? 
Intercept 1350 2.29 0.5160 
% Asphalt ‘*#? AL G(Ojal O15 XE 8) 5 OOOZ 
Age Ornc4 O08 0.0001 
Region 4°>? veo Z 0.41 0.0001 
AGG. 6052S? -0.14 OF OS 0.0141 
AGS yA =(@) - Jb 3 0.04 0.0036 
Minuss200< +2 -0.26 Oo akal 0.0213 
Fvalue IL 5 SOS 
Adjusted R? 0.6091 
No. of observa- 
tions 63 


(1) The amount by which the value of the variable is multiplied 
in the equation for the model. 

(2) The standard error for the parameter estimate. 

(3) An expression of the liklihood that the parameter is 
actually zero. A value of 0.0500 or less is most desirable (tec 
the probability is 5% or less that the parameter value is zero). 
(4) Percent of asphalt recovered from roadway cores. 

(5) A climate region of the state having highest August 
temperatures, encompassing much of the eastern portion of Montana 
(see reference 1). 

(6) Percent retained on the 80M screen having passed the 40M. 

(7) Percentage retained on the 4M having passed the 10M screen. 
(8) Percentage of aggregate which passed the 200M screen. 

This plot (Figure 3-1) shows that the model predicts cracking 
moderately well with 94% of the sites being predicted within +4 


transverse cracks per 500 feet. 
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Analysis of Cracking Data {SQUARE RCOT SPAUSFORK (zero values, no lrice, 20 ythick2);~-#ay 15, 1939 


Plot of ERESID*P2RED, Legend: A= 1 ons, B= 2 «ds, etc. 
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Predicted Yalue of SOCRACKS 


KOTE: 13 obs had rissing values. FIGURE Sper AESIOUALS vs. -REOICTED VALUES On 
THE SQUARE ROOT OF FETAL CRACKS 
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This plot (Figure 3-2) shows that the model predicts cracking 
moderately well with 94% of the sites being predicted within +4 
transverse cracks per 500 feet. 

In Table 3-2 are tabulated the ranges of cracking that would 
be predicted by the model using the average of each predictor 
variable actually found in the data set as well as values of the 
average plus and minuses on standard deviation. For this 


exercise, age has been set at 10 years and climate region is not 


region 4. 
TaAblersnzZ 
Param. x variable Expected Cracks 
Max Ave Min 

Intercept 1.50 1250 00 
sAsphalt x 1.01 6.384 5 8 S22. 
Ager (10) » x0.114 1.40 1.40 1.40 
Region 4 0.0 Oa0 0.0 
Agg 80 x -0.14 =O) 97/7 srl 6 ais. 95 
AgGiss x=) 13 me os 37, O39 ewe: 
Minus 92000 062 6 milo ee pul. fol =2stl6 

cracks = 4.39 2.42 0.44 
Expecteducracks/500MEtse 220 6 0.2 


There are some problems with the model. First, there is 
only one asphalt variable represented, that is asphalt content. 


Furthermore, the parameter is positive, indicating that cracking 
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increases as asphalt content increases. That might be 
rationalized in conjunction with another asphalt characteristic, 
but is more difficult to understand in isolation. 

The climate zone variables used in modelling the rutting 
data also appear in the cracking model. Since those zones were 
based on highest temperatures, that is surprising. Lowest 
temperatures would seem to be more reasonably related to 
cracking. When one examines the average daily temperature data 
available for the state, one finds that, except for limited areas 
along the southernmost reaches of I-15, around Butte, and from 
Terry east on I-94, average temperatures for the three coldest 
months of the year are very similar. Data on the number of 
freeze-thaw cycles might be more valuable were it readily 
available. 

Difficulty with the cracking model is disappointing but 
probably should not be surprising. Caution is always required 
when attempting statistical analyses on uncontrolled data sets. 
Crucial variables may be limited in range or may not have been 
measured, for example. 

During the course of these studies, a considerable amount of 
time has been spent with the data. Although it is not possible 
to manipulate the large amount of data gathered in this study 
without the help of a computer, it is possible to find important 
information within the data set that is not specifically revealed 
by statistical analysis. The remainder of this section will 


address these efforts. 
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Not surprisingly, there is a relationship between the number 
of cracks and the age of a pavement. An ideal data set would 
have a full range of pavement ages. In this data set, however, 
most of the pavements are more than 10 years old and many are 
nearing the ends of their expected service lives. It is 
instructive, however, to inspect the data from the aspect of age. 

There are just four pavements in this not-overlayed data set 
that are 5 years old or less (all are 4 years old) and three are 
performing well. Data from the Test Sections can be added, 
however, and that shows differences in performance (see Task We 
page 87), which, with the exception of Conoco, can be broadly 
related to HP-GPC chromatogram with some perturbations from 
additives. Note in Figure 3-3 that somewhat better performances 
(compared to Test Sections) are achieved in two pavements by 
Conoco at slightly higher LMS percentages. Also, that Cenex 
(without the SMS material seen in the Test Sections and, 
therefore, with more realistic LMS values) is performing nicely 
at four years. 

In Figure 3-4 are nine pavement sections 6-10 years old. 
Only two of these do not have plant mix bases (PMB) which might 
be expected to slow cracking rates. This slowing of cracking 
rate may be happening with the Conoco section on PMB. That base 
was constructed with 200-300 grade asphalt. Conoco with fly ash 
(10 years) might be envisioned as foreshadowing the performance 
of the related Test Section. The seven year old Cenex section 


with base (no SMS shoulder) is not cracking. In the two Phillips 
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sections, 9 & 10 years old, both with slightly higher LMS 
contents than comparable Test Sections, that with a 200-300 grade 
PMB is performing much better than the section with lime and a 
120-150 base. Two Husky sections, both six years old, at more 
than 27% LMS, are cracking severely. 

Most of the pertinent pavements are between 11 and 15 years 
old. One might expect the broadest range of performance here 
and, indeed, Figure 3-5 shows that to be true. There are only 
four pavements with LMS percentages above 20; all of them are in 
poor condition. Only four pavements remain in the "good" to 
"excellent" categories; their LMS contents range approximately 
from 16 to 19%. Most of the rest of the pavements with less than 
19% LMS are in the “poor” class, albeit in the better portion of 
that range. Many of the mixes in Figure 3-5 contain fly ash or 
lime, some have plant mix bases. However, none of these, or of 
other factors available, show a relationship to cracking in this 
data seu. 

All of the asphalts in pavements under 15 years old were 
120-150 grade at construction (except two 200-300 pen asphalts 
used in PMB's). However, in pavements 16 years or more old 
(Figure 3-6), two of 14 used 85-100 pen asphalt, seven used 100- 
120, four used 150-200; only one pavement was constructed with 
120-150 grade material. The best and the worst of these old 
sections were paved with 100-120 asphalt. That with about 203% 
LMS is in excellent condition. However, most of the asphalts’ 


with less than 20% LMS are in bad condition. Two other pavements 
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in good condition after 23 years were constructed with 150-200 
pen grade asphalt with about 25% LMS. It is interesting to note 
that the asphalts on which the Montana model was based were also 
150-200 grade. It should also be noted that the rutting in these 
two very old sections was less than 0.5 inch in spite of the soft 
original asphalt. 

Because of the differences in performance among products 
from different refineries, the data from non-overlayed pavements 
was also studied refinery by refinery. 

Twelve sections containing Cenex asphalt range in age from 4 
to 24 years, averaging about 15 years. Two are in excellent 
condition, one of these is 20 years old, the other only four 
years old. Two more are in good condition, the remainder are 
"poor" and "bad." There are no perceptible patterns in the group 
as a whole. 


ee ee en eevee with eons precjante. Toe - 
Table 3-3. Cenex Sections on I-15 


Tota L Additive SAC PMB SLMS SVoids Vis PVN Pen 
Cracks Ratio 
5 Lime 6.1 UG 1: 6.0 1258 -0.98 C555 
6 Fly 58 Aled Shieh 1982 -0.97 0.43 
8 Flyash Cree X Lavici6 4.9 5235-41503 0.48 
11+ Lime 6.9 X 16.3 IP) 1240 -0.99 0.45 
12 Lime 6a 2 xX 16.5 2.59 1036 -0.97 0.48 
36+ Lime 54 193 ships: 2810 -0.81 OF ss 


+Numerous Short Transverse 
ee ee ee ee eee Beste Uli sene ity SY... 
There is, however, a set of six pavements, all constructed 


in 1973 between mile posts 39 and 94 on I-15 using 120-150 grade 
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Cenex asphalt. These sites constitute inadvertent "test 
sections" although the data set is too small for dependable 
Statistical analysis (see Table 3-3). Two of the pavements are 
in good condition, three are "poor," one "bad." Without 
belaboring the details, it may be said that there are no obvious 
trends in the set. However, that project which has the most 
severe cracking also has the highest LMS content, the highest 
viscosity and the lowest asphalt content of the six pavements, as 
well as the lowest PVN and the highest pen ratio. If the 
historical data is accurate and this section was paved with the 
Same material at roughly the same time, it is not possible to 
explain these discrepancies in the character of the aged asphalt 
with the known data. It might be speculated that the mix was 
overheated contributing to increased LMS content and excessive 
viscosity; perhaps the aggregate used was more reactive. 

Eleven sections have been paved with Conoco products. The 
sections range in age from 4 to 16 years (10 years average) and 
the performance from excellent to bad. None of the sections more 
than 10 years old is in good condition. Five of the seven older 
sections are in the parts of the state with coldest winter 
temperatures but no other patterns are obvious. 

Among the four younger sections (4, 5 and 6 years), that 
with the worst cracking performance has the highest LMS (still 
only about 20%, however) and the highest absolute ViESCOSLCY VOL 
any of the Conoco pavements, regardless of age. Reasons for this 


are unknown but one might speculate, as for the Cenex situation 
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discussed earlier, about higher mix temperatures and/or more 
reactive aggregate. 

Pavements with Exxon asphalts range in age from 10 to 24 
years. Of the 14 projects, only two remain in good condition, 
seven are "poor." Fly ash was used in six projects, four of 
‘which are among the better performers of the group. (In the Test 
Sections, the Exxon trial with the most cracking is that with Lily: 
ash.) Limestone dust was used in four sections 18 and 19 years 
old, all are in bad condition. 

Foveradjacentysections7gi Oprdle andei2iivears old, form a 
possible "test section." The performance ranges from excellent 
to bad. The only apparent trends within the data are that PVN 
and penetration ratios differ significantly for the more 
seriously cracked sections (data for recovered asphalts). 

(Table 3-4). In fact, the cores from the best of those 
pavements were seriously stripped upon arrival in this 
laboratory. None of the others exhibited stripping. 
at he lth al NES nln beet tn te 2 all a ee Rn a 
Table 3-4.) havessections with Exxon “Asphalt 


Total Age Additive %AC PMB %LMS* %Voids Vis PVN* Pen*® 
Cracks Ratio 
a iat Flyash bEI6 ners: 8 A 3396 =OnOG Oey 
10 1 Flyash Siete Xx nA) L..4 8128 =O 30 0.50 
ie 11 ta 4.5 Xx LEAS. Th Guo O50, = 08.65 O56 
18 10 “de Sa Leta9 1.4 6006 =0397 0.48 
25 uty —e biel dg 2 Sind 2210 =008 0.49 


*recovered AC 
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Pavement constructed with asphalts from the refinery at 
Great Falls (now Montana Refining Company, previously Simmons, 
nee Phillips) were among the more interesting of this study. The 
data in Table 3-5 shows three pavements, ages 9, 11 and 13, in 
poor condition. These are not surprising, based on the 
experience of the Test Sections. There is a 10 year old 
pavement in the "good" category, which would not be expected--it 
is on a plant mix base of 200-300 grade A.C. Even more 
Surprising are the two good 23-year old sections. These were 


both constructed with 150-200 grade asphalt. 


Table 3-5. Sections Containing MRC Asphalt 


Total Age Additive %AC PMB %LMS* Grade Vis PVN* Pen* 


Cracks Ratio 
oa 23 ? 2b, 24.8 150=200 27 GCOmme= O07. OL Oils 
Z 10 Syoeh Bey Pay) LZ0=4-50 2A Ole sb 0.46 
| 23 fs Sis) 25 78 150-200 SU Some. OF aL 
ICE 9 5a eee 25.4 220 =150 5468 -0.64 0.40 
Loo 14 Gic Oommen 26.13 120-150 iWeyoley Read 7 ORB 
19 ob Flyash ew) 2855 120-150 Suey Sa 0559 


+ many additional short transverse cracks 
(>? PMB constructed with 200-300 grade AC 
ca ee Ne ne ae ee ee ee a 
One might be tempted to say that pavement should be 
constructed with 150-200 grade material, or with 100-120 using 
mineral filler to avoid cracking. Obviously, there are 
contradictions to such assumptions. And in the end, the data 
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from the Interstate survey leaves us unable to draw firm 
conclusions about the causes of transverse Cracking at least in 
part because we are using uncontrolled data. We do have, 
fortunately, the Test Sections which continue to show obvious 
differences in performance in a reasonably well-controlled 


experiment. 
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Task 4. Implementation of HP-GPC Analysis for 1988 Paving Season 

This task was undertaken to begin to implement HP-GPC 
analysis on a semi-regular basis by monitoring eight construction 
projects. So that performance can be more effectively monitored 
in the future, the construction locations were visited before 
construction began, and measurements of both cracking and rutting 
as well as general notes about the condition of pavements to be 
overlayed were gathered. This information is collected in 
Appendix A. 

Two sets of samples were obtained for each project. From 
the design phase, samples of the asphalt used and of the design 
Marshall mix were obtained. The mix was extracted. HP-GPC data 
for these will be labelled "Ac design" and "Ext. Design," 
respectively. 

Three sample types were collected during the construction 
phase: asphalt cement tested by MDOH for specification compliance 
("Const. AC"), corresponding Thin Film Oven Test residues 
("TFOT") and spent Marshall pucks from the TLestingitraiiler at the 
project. The latter were extracted for HP-GpPCc analysis ("Const. 
ext"). From this data, graphic comparisons between the asphalt 
cement used for the design and that used in the construction can 
be made. Also, the HP-GPC characteristics of the TFOT residues 
and the asphalts extracted from design and construction mixes can 
be compared. Even more, a measure of the variability of the 


asphalt before and after mixing can be achieved. 
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Figures 4-1 through 4-8 contain this data. The horizontal 
line represents the percent LMS of the Sample (in the case of the 
design materials) or the average percent LMS (in the case of 
multiple samples). The open bar represents the range of values 
with the extreme values annotated for ease of reference. 

For the project Circle-North [FBRF-HES 25-1 (9 ).0)} iat can? be 
seen that the construction asphalt cement is very Similar to the 
design AC and that the asphalt used for construction was quite 
consistent with a total range of about 13 LMS. Also, the asphalt 
from the design mix and the pavement mix are much the same. More 
importantly, the range of LMS percentages is 1.2%. Although the 
average of the TFOT residues is very similar to the average of 
the construction extract, the range is very broad. In view of 
the apparent consistency of the other Samples, one might assume 
that the results reflect some inconsistency in the TFOT itself. 
This project used Exxon/85-100 asphalt. 

The circumstances for Galata-East and West [RTF 1- 

4(11)292] suggest that the asphalt used for construction 
contained less LMS than that used for design and that it was 
somewhat less consistant (range about 23) than that used in the 
Circle-North project. The TFOT and construction extract average 
SLMS are Significantly different from that of the design 

extract. Here, the range of LMS in the TFOT residues is quite 
narrow but the range in the construction extracts is very broad-- 
nearly 11%. Although most of the values are about 22.5 i. @ 


23.0%, there are others near 26, 30 and 33%. + Since the character 
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of the asphalt cement was reasonably consistent, it might be 
speculated that variations in the mixing temperature, in the 
reactivity of the aggregate, perhaps in overlong storage of the 
hot mix, could account for the variations observed in the final 
product. Construction used MRC/85-100 asphalt. 

On the Kevin-North project [IR 15-8(44)380], variability in 
the construction asphalt cement of almost 3% is reflected to some 
degree in the TFOT residues but not, apparently, in the 
construction extract. However, most of the construction asphalts 
cluster tightly between 32.6 and 33.4% LMS with only one sample 
above 33.8%. This asphalt is Husky (Canada) /85-100. 

Consistency of HP-GPC results were noted on both Plains- 
Paradise [F-BRF 6-1(13)76], and Kila-East and West [F-BRF-HES 1- 
2(37)99] projects, although the TFOT and design extracts are not 
particularly good predictors of the final product. The Plains 
project used Exxon/85-100, but the source for Kila is unknown. 

Like Kevin, the Melrose-North [IR 15-2(56)93] project shows 
Significant variability in the construction AC and TFOT residues 
and this is reflected in the construction extract. Melrose was 
constructed with Exxon/85-100. 

The variability in the construction asphalts in both the 
Norris Hill [F-BRF 13-1(6)56], and Wolf Point [Fl 10(18)593] 
projects is disturbingly large. However, although the 
variability is reflected in the TFOT data for NOUGLS , Lt does not 
apparently affect the finished product in either case. In fact 


for Norris, the LMS values for the construction asphalt range 
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from 14.1 to 16.3% with only one sample at 19.6% and one at 
23.3%. A similar discrepancy exists for Wolf Point. Norris was 
paved using Conoco/85-100. 

In five of these eight projects, the construction asphalt 
cements show a range between 1.1 and 2.0% LMS. In the remainder, 
the ranges are 3.1, 9.2 and 9.33. However, in the final 
extracted products the LMS range narrows to between 0.9 and L235 
in six projects, to 2.22 in one project and to 10.8% in one 
pavement. Considering that the HP-GPC technique is reproducible 
to within +0.2% LMS, most of these projects can be considered to 


be very consistent in terms of molecular size distribution. 
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Task 5. Construction Variables 

Work on the Test Sections and the Rutting Study called to 
attention the variability that can and does occur in the course 
of pavement construction. Of immediate concern is the validity 
of relationships between certain parameters, eg., percent voids 
or asphalt content, and performance. Variability introduced by 
construction and the testing procedures themselves can throw 
doubt upon any correlations, particularly in small data sets. 
Therefore, it is important that MDOH be aware of the 
variability, both construction and test method derived (it may, 
in fact, not be possible to separate the two sources) so that 
construction quality and correlations with performance can be 
accurately assessed. 

Five construction projects were selected for this Task, one 
from each district. For one of these projects, the construction 
schedule thwarted inclusion in the study. Four construction 
projects were monitored: 

Bloomfield - North RS 254-1(6)26 - overlay 

Custer - East IR 94-1(49)47 - overlay 

Helena - West RIF-BRF 8-2(15)34 - reconstruction 

Potomac - West F-BHF-BRF 24-1(25)9 - reconstruction 
These construction sites were surveyed before paving; the 
performance data for underlying pavements is noted in Appendix A. 

A variety of sample and data types were collected; it is 


necessary to define these before proceeding with the discussion. 
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From the mix design phase, a sample of the asphalt cement 
used by MDOH as well as a sample of the design mix were 
submitted. 

During construction of the projects, MDOH obtained samples 
by lot of the asphalt cement from the storage tanks for 
specification testing. These samples as well as corresponding 
thin film oven test (TFOT) residues were submitted. Also during 
construction, MDOH collected samples for Marshall testing; the 
broken pucks were sent here. 

These asphalt and Marshall samples are routine. However, 
two other sample types were collected from these four projects in 
an effort to quantify variability in the constructed pavement. 
These samples were collected on two to three successive days of 
construction. The first type were grab samples of mix from three 
Successive truckloads. Six such sets were collected at intervals 
during the sampling period for a total of 18 grab samples per 
project. The second type were collected from the newly placed 
mat and are called site samples. On six occasions immediately 
following the collection of grab samples, samples were taken from 
the mat and immediately adjacent sites were marked on the new 
pavement in a pattern illustrated in Figure 5-1. Cores were 


eventually cut at each of those sites. 
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A list of sample types and parameters, along with pertinent 


abbreviations follows. 
Design: 
Design asphalt cement (Design AC) 
Penetration 
HP-GPC 
Marshall design puck (Design Marsh) 
Marshall stability & flow 
HP-GPC (Ext. design) 
% Asphalt cement 
% Voids 
Construction: 
Construction asphalt cement (Const AC) 
Penetration 
HP=GPC 
Thin film oven test residues (TFOT) 
Penetration 
HP-—GPC 
Marshall construction pucks (const. Marsh) 
Bulk specific gravity 
Rice specific gravity 
% Voids 
% Asphalt cement 
Marshall stability & flow 
HP-GPC 


Aggregate gradations 
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Grab Samples (1-18) 

% Asphalt cement 

HP-GPC 

Penetratiionw@ 40& 77°F 

Viscosity: Kinematic & Absolute 

Aggregate gradations 
Site Samples (A-X) (Const. site) 

Bulk specific gravity 

Rice specific gravity 

% Voids 

Marshall stability & flow 

% Asphalt cement 

Nuclear density 

All HP-GPC analyses were performed by MSU laboratories. 
Design sample analyses were performed by MDOH in Helena. Those 
samples identified as Construction samples, essentially four 
types, were analyzed as follows: Construction asphalt and 
Marshall construction testing parameters performed by MDOH; Grab 
and Site sample parameters performed by MSU except nuclear 
density which was performed in the field by MDOH personnel. 

Discussion of the variability found in the pavement 
construction will be approached by reviewing some simple 
Statistics for the construction type samples and then comparing 
these with related design type samples, the intent being the 
identification and quantification of variations, if any, within 


and among related sample types. 
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Bloomfield-North 

The Bloomfield-North project [RS 254-1(6)26], was 
constructed with Conoco/120-150 asphalt cement over the period 
beginning 3 October through 14 October 1988. Field sampling 
during this construction period was pexiormediion ytheis67a Fe 13, 
and 14th of October. Discussion of analytical parameters will 
begin with the HP-GPC data, specifically the LMS component of the 
design and construction samples. 

Figure 5-1 is a graphical representation of LMS values 
obtained for each of the sample types; the horizontal line 
represents the average of the data set and the open vertical bar 
the maximum and minimum values, indicating range. Each is 
annotated for ease of review. Note that both the ac Design and 
Extracted Design percentage values are for Single sample 
analysis. Interpretation of these graphs is fairly simple. 
First, it is apparent that the Construction AC samples analyzed 
are representative of the Design AC and have a small range of LMS 
values. (A 0.9% range is relatively small with respect to the 
+0.2% analytical error.) Second, when comparing the remaining 
four sample types it is seen that great differences exist in the 
average LMS percentages and their ranges. Theoretically all 
should be similar. The TFOT data, which simulates the hardening 
effects of aggregate-asphalt mix preparation, has an average of 
20.3% LMS, nearly 2% greater than the Extracted Design and 33% 
greater than the Construction Extract percentage of 7.5% 


Finally, the Grab sample data, reflecting mat construction 
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characteristics, has an average similar to that found in the 
Design and Construction Extract samples. The broad range found 
warrants a comment: the maximum of 22.4% LMS shown skews the 
graphical representation considerably since all other data points 
are within a 17.7 to 18.9% range. Although this maximum is 
extreme it should not be discounted as it may indicate a 
difference in mix processing. 

Marshall stability and flow are graphically represented in 
Figures 5-2 and 5-3. Comparison of the Sample types, 
Construction Marshall and Construction Site, demonstrate 
mechanical strength differences found for samples prepared under 
controlled laboratory conditions with those found in the actual 
pavement. The difference between averages is considerable and 
distributions are broad. The Design Marshall Stability is 
included for reference. 

One of the more critical parameters in pavement construction 
is the percent of asphalt found in the mix. Figure 5-4 compares 
four sample types; the design asphalt content, the construction 
Marshall specimens prepared and analyzed in the field laboratory, 
and site and grab samples extracted in MSU laboratories. While 
it would appear that there is little variability in asphalt 
content as shown in the Construction Marshall samples, field 
samples indicate otherwise. 

It may not be surprising to find that asphalt content in the 
mix as constructed differs from the design target. However, it. 


is not so obvious why measurements of construction samples should 
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differ’ Atleast part of “the explanation may lie in the 
techniques used to measure the parameter. Asphalt content in the 
Construction Marshall samples is measured at the field testing 
laboratory using a calibrated nuclear instrument. The 
Construction Grab and Site samples were extracted using 
trahydrofuran (THF) as solvent. (Controlled experiments have 
shown that THF removes 100% of the asphalt added to an aggregate 
sample. ) 

A possible source of error with the nuclear instrumentation 
is calibration; with extraction error sources include weighing 
and incomplete removal of asphalt. One might feel a little more 
confident if the averages of asphalt content by the two methods 
were more nearly alike. In the Bloomfield Samples, these 
averages differ by about 0.7%. 

Bulk and Rice specific gravities and resulting percent voids 
are shown in the next three graphs. Rice specific gravities are 
comparable for the two sample types, bulk specific gravities have 
a larger range for the site samples and the voids contents 
ref lect thisé 

Viscosity results are shown in Figure 5-8. Although there 
are no pre-mix data available for comparison, the data are 
instructive nonetheless. As seen here the extracted asphalt 
recovered from grab samples has a moderate range for absolute 
viscosity. The maximum value was obtained for the sample which 
contained maximum LMS. Kinematic viscosity has a somewhat 


smaller range. 
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Penetration data are available for both pre-mix and mix 
samples. Figure 5-9 graphs penetration results for three sample 
types (the grab samples were analyzed at both 77 and 40 degrees 
F.) The average for the AC Design was 131, and 109 for the grab 
samples, at 77 degrees. The broad range of penetrations for the 
grab sample data set, like that of the viscosity, is larger than 
anticipated and attributable to a variety of sources. For 
example, research performed by this group has found significant 
hardening in terms of penetration, on the order of 10 percent for 
an 85/100 asphalt, when trichloroethylene or tetrahydrofuran were 
used solely as a solvent in contact with the asphalt for the 
normal asphalt-solvent contact time usually observed when 
extracting asphalt from an aggregate. Combining this with the 
environment of mix plant as well as asphalt-aggregate 
interactions it is probably not surprising that a range of values 
such as found here result. 

The figure for aggregate gradations plots the average, 
maximum and minimum for the samples in the usual line and open 
bar mode. The MDOH anti-rutting specification range is indicated 
by the area enclosed within the curves. From this plot, percent 
passing values for each aggregate fraction are visually examined 
to determine specification compliance. Here the 200-mM and 10-M 


had minimum data just outside the minimum Specification. 
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Custer-East 

Custer-East [IR 94-1(49)47] constructed with Exxon/85-100 
over the period 1 August through 18 August 1988, was sampled the 
15th through 17th of August. Reviewing the HP-GPC LMS percentage 
data in Figure 5-11 it is seen that the Construction AC average 
is slightly less than the Ac Design. 

The next set of four samples should have approximately the 
same LMS percentages. The LMS value for the Design Extract is 
decidedly lower than for TFOT or construction samples. This may 
reflect differences in the asphalt cement, the aggregate or the 
mix temperature between the design and construction. The TFOT 
accurately mirrors the construction extract from field Marshall 
Specimens, but the grab samples show a Significantly wider range 
and an average of 2% more LMS. 

Both Marshall stability and flow are highly variable for 
Construction site samples as seen in Figures 5-12 and 5-13. In 
contrast, the Construction Marshall samples show a tight range 
for stability with a lower average value, and a comparable range 
but much higher average for flow. Other qualitative physical 
parameters show similar relationships as found in the Bloomfield 
project. Rice specific gravities are comparable but bulk 
gravities show a broad range which directly affects the broad 
range determined for percent voids. The range of voids in the 
mat is more than 9% although the average is 6%. Penetration and 


viscosity results have similar range characteristics. 
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Figure 5-14 compares asphalt cement percentages found in 
Construction Marshall samples with site and grab samples. Field 
laboratory prepared samples averaged 5.21% with 0.853% 
variability. Grab samples also averaged 5.21% but with a 
larger variability of 1.8%. Construction site samples have a 
Slightly lower average, 4.9%, than the Construction Marshall with 
a Similar range. These averages are much closer than comparable 
averages for Bloomfield. 

Aggregate gradations are plotted in Figure 5-20 . The 3/8" 
and 1/2" sizes were found to fall below the minimum 
specification. 

On the 15th and 16th of August, (sampling days), the 
hydrated lime was turned off for about fifteen minutes each day 
resulting in a few truck loads of mix without lime. 
Identification of areas and the effects of this difference on the 


Mate any, arevdirricure to evaluate. 
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Helena-West 

Helena-West [RTF-BRF 8-2(15)34] constructed with Conoco/ 85- 
100 asphalt cement, was sampled on the 8th and 9th of October, 
1988. HP-GPC results for this project are shown in Figure 5-21. 
AC Design and Construction AC sample averages are within 
reasonable range of each other as are averages for the next four 
sample types. The maximum shown for TFOT samples is considerably 
greater than the next lowest value which is more representative 
of the sample distribution, suggesting that the maximum may be 
due to some extreme TFOT analytical variable. 

Marshall stability ranges for this project are much smaller 
relative to the other projects investigated. Figure 5-22 shows 
the average for Construction Marshall samples to be similar to 
that found in the site samples although the latter still have a 
two-fold range. Marshall flows for these sample sets likewise 
follow previous project trends, the Construction Marshall samples 
having higher flow values whereas those for the Construction site 
are several orders of magnitude lower. In this case the field 
laboratory prepared samples have a larger range than actual mat 
samples. 

The asphalt contents have a range of just over 1% in the 
Construction Site samples and less than 1% in the other 
construction-generated samples. The averages of all three types 
are somewhat lower than the design target. 

Rice specific gravities for the Construction Marshall and 


site samples are comparable, bulk specific gravities and void 
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percentages for the latter having, as expected, broad ranges as 
Shown in Figures 5-25 through 5-27. Voids content of the mat has 
a large percentage range, the average is just under 10%. 
Penetration and viscosity data for the 85/100 asphalt cement 
recovered from the grab samples have relatively tighter ranges as 
seen in Figures 5-28 and 5-29. 

In Figure 5-30 a number of aggregate sizes are shown to 
fall both below and above the specification range. Of the four 
projects investigated, this one contains the greatest number of 
non-compliance data points. A review of aggregate gradation 
field determinations by MDOH indicates that nearly all comply 
with the specification, excepting a few which were borderline. 
Differences found here may be due to mix processing which has 


resulted in limited fracturing of a less competent rock. 
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Potomac-West 

Potomac-West, F-BHF 24-1(25)9, constructed with Montana 
Refining Company/85-100, was sampled on the Lith, a8th, tand:24th 
of October, 1988. Beginning with the HP-GPC data for the various 
Sample types shown in Figure 5-31, it is seen that the Ac Design 
and Construction AC samples match fairly well, and that ‘the ~ 
remaining four sample types display some Varlabiliicy es the TROT 
sample set with a 4% range has the widest Vabvability. sNoteathat 
the averages for these sample sets are within about 13. 

As in the previously discussed projects, the Construction 
site samples are found to have Marshall stabilities and flows 
with a broad range of values, the Construction Marshall 
laboratory prepared pucks having ranges reflecting highly 
controlled conditions. The same is true for Rice and bulk 
specific gravities and percent voids, (ha UBC SmO= 32035) ms 5 kG o 
37). The voids content of the mat has a wide range and an 
average above 7%. 

The asphalt content found in the three sample types in 
Figure 5-34 once again shows the average content and range to be 
Significantly different, the Construction Marshall having a much 
smaller range than pavement samples. The solvent recovered 
asphalt has penetration and viscosity properties shown in Figures 
9-38 and 5-39. Here the average pen for the grab samples was 73 
while that for the TFOT was 56 at 77 degrees F. AC Construction 


penetration averaged 88. Both viscosities show to a broad 
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range, the kinematic viscosity having approximately 25 percent 
Whelan WN efi Me ieee 

In Figure 5-40, the aggregate gradations are shown to be on 
the lower edge of the specification range, and the averages of 
the amounts passing the 3/8 and 1/2 inch screens to be below the 


target. 
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The pattern for site samples (Figure 5-1) in these four 
projects was designed so that variability over both short and 
longer distances paved within 2-3 days could be monitored. 
Variability over the full observation period has been discussed; 
the following section will address the variability at shorter 
range. Differences in parameters from the center of the paver to 
about 1.5 to 2 feet from the edge of the paver will be inspected 
for evidence of paver-associated variability. The range of 
parameter values within the approximately 200-250 square feet of 
a Single site will be studied for evidence of other sources of 
segregation as well as the variability that can affect 
perceptions of mat quality. Data will be found in Appendix B. 

On the Bloomfield project, the range of Marshall stabilities 
in the roadway cores is 1170 to 3380 pounds, a nearly three-fold 
difference. There is no center-to-edge pattern. Within 
individual sites, the four samples differ by as little as 520 to 
as much as 2000 pounds. 

Voids content on the project as a whole is between 3.6 and 
7.4% for a difference of 3.8%. Differences among the four cores 
from single sites aremas, smalit asi 1%) butias) Jargevas 3.33. o1nN 8 
of 12 cases, the voids content in the "center" is lower than at 
the adjacent "edge." 

Asphalt content (MSU extractions) during the time monitored 
at Bloomfield range from 5.09 to 6.47% - a difference of about 
1.4%. Within sets of four samples at a site, the differences in 


asphalt content®varies’ from: 0.43%) toe1. 4%; that is,° the’ range for 
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the entire sampling actually occurs within one 250 square foot 
area. 

Adjacent pairs (i.e., a "center" sample and its adjacent 
"edge" sample, have been scrutinized for evidence of segregation 
in the mix. At Bloomfield, seven adjacent pairs have asphalt 
contents which differ by 0.3% or more. In five of these pairs 
the higher asphalt content is in the "edge" sample. There are 
also differences, center-to-edge, in the aggregate gradation but 
those do not appear to follow a pattern. 

Samples from the Helena-West project contain 5.5 to 14.13% 
voids, a range of 8.6%. Differences within the sets of four 
samples (from approximately 250 square feet) range from 4.3 to 
5.7%. Voids content differences in adjacent pairs are as small 
as 0.1% to a maximum of 5.7%. In this project in only one case 
are the center-to-edge differences in voids content below 2%, 
however. Nevertheless, there is no pattern to this variability. 

Asphalt content overall ranges from 5.48 to 6.57%--about 
1.1%, reflecting good control. There is no center-to-edge 
Patwee i. 

There are, however, substantial center-to-edge differences 
in aggregate gradation, particularly in the amounts retained on 
the 3/8 inch, 10M and 40M screens. In these cases there is often 
a concommitant difference in asphalt content such that the higher 
asphalt content is found in the samples with relatively more 
material retained on the 10M and 40M screens. This makes good 


sense, of course, since smaller materials have more surface area 
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per unit of volume to be coated with asphalt. Because of the 
close proximity of the differing samples, this may be regarded as 
evidence for segregation. However, since there is no center-to- 
edge pattern it does not appear that the paver is the source of 
the variability. In center-to-edge pairs with very Similar 
asphalt contents, the differences in gradation are also small or 
are confined to and adjusted within two adjacent screen sizes. 

Segregation is often visible in a freshly paved surface as 
very smooth areas, devoid of larger aggregate. In this project, 
no such areas were observed. 

Marshall Test results from cores from the Potomac project 
range from 2100 to 6390 pounds, again about a three-fold 
difference. The differences within sets of four samples are 
found to be 660 to 3170 pounds. There is no center-to-edge 
pattern but differences in strength between samples in adjacent 
pairs range from 120 to 3040 pounds. 

At Potomac, voids content ranges from 3.6 to 10.03 overall, 
a difference of 6.4%. Differences within groups of four samples 
range from 0.7 to 5.6% and, between adjacent pairs, from 0 to 
3.9%. There is no center-to-edge pattern. 

Asphalt content during the observation period ranges from 
4.5 to 5.9%, a difference of 1.4%. Differences between adjacent 
samples range from 0.1 to 0.9% with no center-to-edge pattern and 
little relationship to aggregate gradation. In factyewithvonly a 
couple of exceptions, aggregate gradations are very similar 


between adjacent samples. 
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In the Custer pavement, Marshall stabilities are found to 
range between 1750 and 8480, a nearly 5-fold difference. There 
is no center-to-edge pattern but differences between adjacent 
Samples range from 990 to 3950 pounds. 

The range of asphalt content is 4.5 to 5.4% overall. In 
only four adjacent pairs is the difference in asphalt content 
more than 0.2%. The apparent association of asphalt content with 
aggregate gradation seen elsewhere is not apparent here. 

However, the gradations often show significant differences from 
center-to-edge. 

Voids content ranges from 3.1 to 10.9% with no center-to- 
edge pattern. However, there are often large differences between 
adjacent samples (range 0.1 to 6.9%). Andy, tumchact ithe 
differences in voids content within site groups of four cores are 


at least 2.5% to as much as 6.93. 


Summary of Task 5. 

Marshall Stability and flow. In general, Marshall 
stabilities have much larger ranges and higher values in the 
pavement than in the conditions of the on-site testing 
laboratory. Flow values show large differences as well. The 
wide range in the pavement is likely to stem from a number of 
sources including the operation of the roller. 

Asphalt content also usually shows a broader range when 
determined by extraction than when determined by nuclear 


instrument. The averages are sometimes similar. Nevertheless, 
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this important parameter may still not be well enough controlled, 
especially considering its bearing on the rutting phenomenon. 

The difference between design asphalt content and that found hye 
the field is legendary and evidence for it is seen here, with 
field AC% often being lower than design. 

The variability in voids content, even between samples in 
close proximity, comes as somewhat of a surprise. With such 
variability, finding relationships with performance will be very 
difficult. It has been suggested that the variability may itself 
be a source of distress! 

Evidence for segregation is scant although aggregate 
gradations do tend to wander in some projects within small areas 
of pavement and asphalt contents do in some cases tend to follow. 
In only one case (Bloomfield) is there any evidence for paver- 
associated segregation. Otherwise any segregation arises from 


undefined sources. 


Task 7. Prediction of Pavement Performance 

During the course of this and previous research projects, 
much work has been done to relate measureable properties with 
visible performance in pavements already in place. The purpose 
of this Task is to gather two more sets of data and then, if 
possible, to point out some ways in which all of this information 
may be used, not so much to predict pavement performance as to 
improve it. In this discussion, 1988 information about the Aging 


Study as well as 1988 data on the Test Sections will be 
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presented. Following those topics, means using the accumulated 
knowledge will be discussed. 
The Aging Study 

Beginning in 1976, a number of new pavements have been 
followed to trace their performance and to monitor changes in the 
HP-GPC characteristics of the asphalt cements. The pavements are 
now 7 to 12 years old. Most of them are overlays on primary, 
secondary and Interstate highways and two are urban highways. 

All Montana refineries are represented although Exxon asphalt is 
found in only one section. 

In general the rutting performance observed in 1988 was 
quite good with rut depths less than 0.5 inch on 75% of the 
pavements. Cracking performance is not so encouraging, since 15 
of the 21 pavements rated in 1988 are in poor to bad condition. 
Only two remain in excellent condition; one of these is an 
overlay. It is well known that reflection cracking in overlays 
is a serious problem but, because the condition of the underlying 
pavements is not known it can be only presumed that the present 
condition of the overlay mirrors the condition of the base. 
Nevertheless, it seems obvious that the solution to the problem 
of reflection cracking does not lie in the usual overlay 
procedures. It seems that no asphalt can withstand these 
pressures. 

Cenex supplied asphalt cement for two overlays. One overlay 
paved with Cenex 200-300 grade AC and 21.2% LMS has deteriorated 


somewhat since the 1985 survey but remains in poor condition. 
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This secondary pavement shows negligible rutting. The LMS 
content has remained steady since construction. Another 
secondary roadway overlayed with Cenex 120-150 AC at 20.9% LMS 
remains in excellent condition after nine years. 

Asphalt cement for eight overlays was received from Conoco. 
These surfaces are all in poor to bad condition, except one, 
which remains good after 9 years. Most of them were 120-150 
grade; one construction used 85-100 and another 200-300, but no 
differences in performance are obvious. 

One Exxon overlay is in poor condition. Of four overlays 
constructed with Phillips asphalt, two remain in good condition, 
two are “bad.” 

Data for the overlays is contained in Table 7-1. Although 
the total number of cracks has increased since the survey in 1985 
(conducted by MDOH personnel), the performance ratings may not 
have changed. For the most part, the HP-GPC characteristics of 
the asphalt did not change appreciably through time. Exceptions 
are the Exxon asphalt which has apparently decreased 3% in LMS 
content, one Conoco asphalt which showed an increase of about 
1.7% LMS and a Phillips which increased by 2.5% since 
construction. 

Of the new (i.e., not overlay) pavements included in this 
group, one Cenex is in excellent condition after 9 years, another 
"bad™";0a Conoco (200-300) is “poor, 2 Conoco (120-150) sections 


are bad, and one Phillips pavement is good to fair. 
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Overall, because of the diversity of these pavements and 
because most of them are overlays, it is not possible to draw 
performance-related generalizations. It is interesting to note 
that Phillips asphalts have shown quite good performance in two 
of four overlays and is only slowly cracking in a new pavement in 
spite of the high LMS content. It should also be noted that the 
nature of Cenex asphalt has changed (by HP-GPC characterization) 
and that the performance of the material often received presently 


may not be comparable to these earlier products. 
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The Test Sections 

The Montana Test Sections near Big Timber continue to be a 
valuable source of information for this laboratory and the 
Montana Department of Highways. Their value stems from the facts 
that the construction was monitored and controlled and that the 
traffic loads and weather conditions are consistent over the 
entire project. After five years, a considerable amount of data 
has been collected and more trends have become obvious. 

Since the last report on the Test Sections two performance 
observations have been made and one set of cores has been 
analyzed. In this section, the data and the trends now 
suggested will be discussed. 

Figures 7-1 through 7-5 show in graphic form the 
performance of the various sections since their construction. 

Note that the scale for crack counts on the left represents 
the total number of transverse cracks (full width, plus one lane 
wide, plus short cracks) in the 1200 foot test section. The rut 
depths are given in inches and represent the average of rut 
depths measured at each delineator in the section (3-4 
measurements). Only driving lane figures are reported. 

Rutting 

Discussion of rutting will be by refinery but it should be 
kept in mind that asphalt content appears to be related somewhat 
to rutting in these sections (see Table 7-2). The coefficient of 


determination (r*) for the most recent rutting measurements 
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vs. asphalt content is 0.58. (The correlation of rutting to 
asphalt content after four years of service was 0.51.) 
Correlation of rutting with voids content (at construction) for 
the most recent data set yields an r? =0.60; previously, that 
value was 0.54. As noted before, the correlation with voids 
indicates that higher voids content is associated with less 
rutting. This does not make intuitive sense because the range of 
voids was 6.1 to 10.8% at construction. However, the correlation 
coefficient for asphalt content:voids is 0.48 in an inverse 
relationship, and that may explain the apparent correlation 
between rutting and voids. Nevertheless, none of these 
correlations is particularly strong and the data merits closer 
observation. 

Plots in Figure 7-1 show that rutting has increased rather 
steadily for sections containing Cenex asphalt. Sections 5 and 
6, with fly ash and with no additive, had apparently leveled out 
in rutting rate until the unusually hot summer of 1988. Between 
February and September of that year, both showed significant 
rutting increases. The section with Acra has shown steadily 
increasing rut depths (it has the highest AC content of all the 
sections). Still increasing in rut depths, but at a slower rate, 
is that section containing lime. There is a general trend toward 
increased rutting with increased asphalt content here. However, 
if that were the only contributing factor in an otherwise 
controlled situation, one might have expected the Acra section, 


with its high asphalt content plus the contribution of the light 
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material in the antistripping agent, to show even more serious 
rutting than it has shown. 

Conoco sections (Figure 7-2) with Acra and with lime had 
apparently leveled off in rutting rate; the Acra section did 
increase rut depth somewhat during the summer of '88. The other 
two Conoco/120-150 sections apparently continue to rut. Again, 
there is a trend toward increased rutting with higher asphalt 
content but the Conoco/untreated section is somewhat out of line. 

Any association of rutting with asphalt content in the Exxon 
sections (Figure 7-3) is tenuous except for the Acra section. 

In general, the Exxon sections are stable or have slowly 
increasing rutting rates. 

The Simmons sections (Figure 7-4) all have well below 0.5 
inch rut depths and, again, the association with asphalt content 
is not direct. Rutting has been increasing in the lime- and 
Acra-containing sections and has apparently stabilized in the 
fly ash section. The untreated section showed no increase in 
rutting during the heat of the summer of '88. 

The Test Section containing carbon black with Conoco/200-300 
asphalt (Figure 7-5) continues to rut at a rather slow rate, 
having reached about 0.3 inch. This additive apparently 
contributes substantially to the stability of a very soft 
asphalt. Note that the section is still in very good condition 
with regard to cracking. The harder asphalt (Conoco/85-100) has 
held relatively steady in terms of rutting after an initial 


measurement of about 0.25 inch. However, other sections 
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containing 120-150 grade asphalt have achieved equal or better 
rutting resistance. (See Table 7-1.) 

The blend of Simmons and Conoco, which was designed to be 
resistant to transverse cracking, has shown no sign of 
Stabilizing in terms of rutting. This section was constructed 
with a 75:25 blend of Conoco/200-300 with Simmons/120-150 so the 
softness of the asphalt may be contributing to the rutting 
problem. The asphalt content is apparently not particularly 
high. 

Figures 7-6 and 7-7 summarize the rutting data discussed 
above. Rutting in the Test Sections should continue to be 
monitored not only because of the research value but also because 


of the safety aspects associated with excessive rutting. 
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Data for Rut Depths, %AC and % Voids, Test Sections 


Section # Components RUtS, 71 Ne ome eA SVotds > 
6 Cenex/ Rigs 7136 Gat 
15 Connoco/ 0.74 6.8 6.4 
if Cenex/Acra Os77 8.0 Sts) 
14 Conoco/flyash 0.68 Viegs VEAe) 
5 Cenex/flyash O35, Lee Sas 
r3 Blend Oran ins ony] 
8 Cenex/lime 0.49 sve sgh 
iby Conoco/Acra 0.45 TEM Cac 
11 Simmons/Acra 0.42 lool ee) 
3 Exxon/Acra 0.41 ong gs 
9 Simmons/lime 0.41 Cn TEMS 
4 Exxon/flyash (awe) 6.0 Gras 
20 Conoco 200+/ 0.34 6-2 9.8 


Carbon black 


10 Simmons/ Os 6.6 950 
ul Exxon/ Uwe) Gee aS) 
18 Conoco 8S-100 0.28 6.4 eg 
16 Conoco/lime On 25 G5 LORS 
2 Exxon/ lime 0.24 Gia 9D 
We Simmons/flyash Wieez 6.9 7.8 


‘7 Average of driving lane measurements at each delineator 
‘29% asphalt at construction - MDOH data 


(392 voids at construction - MDOH data 
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Cracking 

The Test Sections were originally conceived to monitor the 
relationship between transverse cracking and HP-GPC 
characteristics. That aspect of the data will be discussed next, 
again for convenience, by refinery. In the case of transverse 
cracking, there is no apparent statistical relationship with any 
other variable. Data is in Figures 5-1 through 5-5. 

[Note: In the first performance observation conducted in 
March, 1984, after the sections had been in place for one winter, 
cracks were counted in a short section and that number has been 
extrapolated to the full 1200 foot section. Therefore, the 
number of cracks at that time is not as accurate as at subsequent 
observations when all cracks in the full section were counted. 
Nevertheless, severe cracking after one winter was noted in 
sections 15, 5 and 6.] 

Cenex test sections with no additive and with fly ash are 
rated "good" with respect to cracking. Both of these sections 
exhibited a large number of cracks after the first winter. By 
the fall of 1985, the number of cracks had dropped substantially 
and evidence of healing was visible. In both eee ons the 
number of cracks has increased somewhat in the intervening time 
with another spate of healing evidenced during the summer of 
1988. The sections containing lime and Acra are more seriously 
cracked, both being in poor condition but both also have 


undergone some healing. 
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Conoco test sections constructed with 120-150 grade AC also 
show a tendency to undergo healing of transverse Cracks, with the 
most pronounced effect being in the untreated section. The 
number of cracks in these sections appear not to be increasing, 
except, perhaps in the untreated section when considered overall. 
However, all are in poor or bad condition. The section 
containing lime is the best of the four with LeSpeCrmtORDOt 
cracking and rutting. 

Excellent performance is still being shown by three of the 
four Exxon sections. These have no cracks or only one. Exxon 
with fly ash has apparently stabilized, the last three 
observations having reported seven cracks. Its performance is 
rated good. 

The crack count in Simmons with fly ash has remained at two 
Since May of 1985 but has increased at varying rates in the other 
sections. There was some evidence of healing in the other 
sections, as well. That with lime remains in good condition; the 
untreated and Acra-containing sections are in poor condition. 

Rapid increases in transverse cracking have been seen in the 
Conoco/85-100 section although some healing was apparent during 
the summer of 1988. As mentioned earlier, the Carbon Black 
section remains in good condition and that with the blend is 
excellent. 


Figures 7-8 and 7-9 summarize the most recent’ crack ‘counts. 
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HP-GPC Characteristics. 

Table 7-3 lists the percentages of LMS material found in the 
most recent HP-GPC analyses of cores from the Test Sections. 
Figures 7-10 through 7-14 display the history of this parameter 
from the first core samples taken after construction to the 
present. In general there has been some variability in the LMS 
content with time. In some sections there is a trend toward 
increasing LMS, in others little change at all and in still 
others a more random variation. 

Cenex asphalts all showed a decrease in LMS percentage 
between construction and the first sampling in 1985. Thereafter, 
the LMS content has moved generally higher but in only one of the 
sections (that with no additive) is it now higher than at 
construction. 

The Conoco 120-150 asphalt sections have the lowest LMS 
content of the four sources, as well as the least variability by 
HP-GPC, overall. 

The blend of Conoco and Simmons has shown very little change 
overall. 

Exxon asphalts have shown the widest range of LMS contents 
of the four sources. After an initial decrease in LMS (between 
construction and one year) most of the sections have undergone 
gradual increases. Both the lime-containing and untreated 
sections now have significantly higher LMS contents than at 


CONnSiructven. 
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The Simmons asphalts are highest in LMS and have had 
moderate variability over time, most of it random. At last 
analysis, however, the amounts are similar to or less than at the 
time of construction. 

As to the relationship between HP-GPC characteristics and 
cracking, Conoco remains an exception with high crack counts and 
low LMS content. With the others, the LMS percentage is not 
particularly relevant; however, comparison of the chromatograms 
is more revealing. As discussed in previous reports, the 
presence of unusual SMS material in Cenex skews the LMS 
percentage but the chromatograms show that it is in fact 
intermediate between Exxon and Simmons. The sms material does 
perhaps, contribute to the tendency of Cenex asphalt sections to 
crack and to heal, but that is, of course, speculative. 
Predicting Performance 

A general goal of much of the work done in this laboratory 
has been to gain the ability to predict pavement performance, not 
So much to foresee cracking or rutting as to elucidate ways in 
which cracking and rutting can be reduced. 

Broad predictive capability still exceeds our grasp. 
Difficulties with achieving this model are exemplified by the 
fact that statistical models for rutting in overlays differ from 
those in non-overlayed pavements. Furthermore, these models were 
derived for a statistical universe including only the Montana 
Interstate system and technically cannot be applied to other 


pavements in the state. In view of the problems it seems 
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reasonable to shift this discussion to what is known and how that 
knowledge can be used profitably. Various elements affecting 


performance will be discussed individually. 


Asphalt Content 


Data from the Test Sections and the model for LUC hing an 
non-overlayed pavements indicate that higher asphalt contents are 
related to pavement rutting. This comes as no surprise. 

However, it appears that the amounts of "excess" asphalt cement 
which tip the balance toward rutting may be small. In the 
projects monitored for Task 6, the average asphalt content was 
Similar to or less than the design target, but the variability 
found, especially by extraction, was nearly 2% in one project. 

Although it is not possible to make Simple rules about 
asphalt content, three points may be made: 1) asphalt contents 
Should be kept as low as possible; 2) tighter control should be 
maintained at construction; 3) the discrepancies between asphalt 
content derived from nuclear density measurements and by solvent 
extraction should be clarified. (For example, is mix segregation 
ayfactor})setc?) 

Marshall Stability & Flow 

As mentioned under Task 6, the stabilities achieved in the 
pavements are generally higher than those obtained by field 
Marshall testing. Furthermore, the pavement values are widely 


variable in a single project and show no particular pattern. 
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This apparently random variation may preclude detection of any 
association with pavement performance. 
Voids 

Voids content is perceived to be very important to pavement 
performance, indeed, this variable is found in the model for non- 
overlay pavement rutting. Voids content does not appear to be a 
factor in the Test Sections, however, as discussed earlier. In 
the heavier sampling done for Task 6 it is obvious that the 
variability in percent voids within individual projects makes 
finding relationships with performance problematic. With this 
background, it can only be recommended that efforts be made to 
control voids content at the same time that it is recognized that 
voids content, even in an apparently well-constructed mat, may 
vary widely. 
Aggregate Gradation 

Gradation variables have entered both TUCting as well as 
cracking models. Unfortunately, the statistical process does not 
define limits to the amounts of aggregate of a certain sieve 
Size. Rather, there is an indication that more Comeless) ofa 
given size is associated with rutting. The Eange Prof ichoices: is 
defined by the data on which the model was based. It should be 
remembered that most of the gradations fell within or close to 
today's anti-rutting specification limits. 

The variability found in Task 6 may indicate that it would 
be very difficult to control individual sieve sizes to the extent | 


required by the model. Moreover, association of these variables 
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with performance is also difficult. A case in point is the 
difference in performance among the Test Sections constructed 
with the same aggregate. It is hard to conceive that the 
aggregate gradation changed at certain section boundaries. 

It is of interest that aggregate samples collected by MDOH 
personnel for these Task 6 projects were virtually all within 
specification limits, but the broader range of Samples collected 
at the paving site were not so well arrayed; some were not within 
"spec." This may be regarded as evidence for segregation. 
However, no data is available to show whether there are 
detrimental effects of segregation that shows no pattern in the 
pavement. Additionally, the source of this phenomenon is not 
obvious. 

Aggregate fracture is apparently much simpler, ive.ie the 
more aggregate particles with fractured faces, the better. 
Overlays 

The performance of an overlay depends not only on its own 
characteristics but also on the nature of the original pavement. 
This was made particularly obvious in efforts to obtain 
Statistical models for all Interstate pavements. Models were not 
viable until overlays were separated from pavements which had not 
received an overlay. 

Although quantitative data is available for only one case, 
it is obvious that cracking in the lower lifts quickly reflects 
into the overlay. Because so little data is available for the 


extent of rutting and cracking in original pavements, it is 
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virtually impossible to judge the performance of overlays except 
in the rare circumstances in which the overlays perform very 
well. Reports from other agencies (Task 8) are not very 
encouraging with regard to retarding reflection cracking with a 
possible exception in the use of fibers in the overlay mix. 

There is some evidence that open graded friction courses 
(OGFC) exhibit considerable strength. However, OGFC's are not 
easily defined in terms common to dense graded mixes and so no 
data has been gathered on these layers. Our observations are 
that most OGFC's appeared to be performing well, although little 
long-term data is available since most of them were young at the 
time of sampling. 

Asphalt Cement Variables 

Viscosity and penetration values are found in models for 
rutting or cracking. These are values for asphalts recovered 
from roadway cores. At present, MDOH apparently does not collect 
data which might be indicative of aged consistency variables, 
except for penetration at 77° of TFOT residua. 

Penetration grade effects are not easily interpretable 
because the use of different grades has varied with time. 
Although it was only used 20 to 30 years ago, 150-200 grade 
asphalts have performed well in the examples seen here (the 
Montana model, Gallatin Gateway-South, and the Phillips sections 
mentioned earlier). These sections have shown very little 
rutting and cracking. The best evidence for the effect of 


penetration grade is probably in the Test Sections. In the 20 
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sections paired with 120-150 asphalt cements, differences in 
performance are marked; some have undergone less rutting than the 
85-100 section (which is also seriously cracked). Additive, 
asphalt content and asphalt source affect rutting more than 
penetration grade. 

Asphalt characteristics by HP-GPC did not appear in) rutting 
or cracking models, as discussed earlier. This could mean that 
the HP-GPC model is invalid, of course. It could also mean that 
the relationship is complex and the data set does not have the 
necessary information to overcome that complexity. It is known 
that Conoco asphalts since the mid-1970's have been exceptions to 
the model. Furthermore, the Test Sections indicate that 
additives apparently perturb the performance of asphalt in 
different ways, depending on their internal chemistries. Like so 
many other tests, HP-GPC is not a panacea. 

The most simple conclusion which may be drawn is that all 
asphalts are not created equal. Only when ways are found of 
taking advantage of the strengths and avoiding the weaknesses 
will progress toward improved pavement quality be made. For 
example, there is evidence that higher LMS asphalts (such as from 
the Great Falls Refinery) can give adequate performance with 
regard to cracking and still not be subject to rutting at 
penetrations above 120, given due care to other variables such as 
asphalt content, additive choice and aggregate fracture. For 
example, the best Simmons test section is that with 120-150 


asphalt cementvanderlyvash. 
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True LMS content (i.e., not skewed by unusual amounts of 
small material) of between 18 and 20% after construction still 
appears to give a better chance of limiting transverse cracking, 
although this is not fool-proof and the relative number of good 
and excellent performances on the interstates is lower than 
expected. 

It must be accepted that Conoco tends to crack very early. 
The evidence of the Test Sections Suggests that the advantage to 
be gained in terms of rutting by use of 85-100 asphalt is not 
very strong and may be outweighed by the severity of cracking. 

In fact, the 120-150 Conoco section with lime outperforms the 85- 
100 sections on both counts. Furthermore, the 200-300 Conoco 
with carbon black has rut depths only slightly greater than the 
85-100 and has only 5 cracks -- only 4 other sections have fewer 
cracks. In other words, successful use of this product requires 
particular attention to asphalt content and judicious selection 
of additive as well as grade. The success of the blend with 
Simmons indicates that it may be a good candidate for further 
trials of this sort. Consideration should be given to a trial of 
Conoco asphalt with a fiber or polymer additive. 

There are some pavements containing Cenex asphalts without 
the unusual SMS material that have performed well. This 
performance is not matched in the Test Sections. Like Conoco, 
successful use of the present product requires careful control of 


asphalt content and selection of additives. There is no data 
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available on the effect of penetration grade with the present 
product. 

Very old Exxon pavements and the Test Sections containing 
that product are performing very well with regard. to; cracking. 
There are no other pavements less than 10 years of age to give 
some continuity to the performance record. Those pavements over 
10 years old have given less outstanding performance. Recently, 
there has been a change in the HP-GPC character of Exxon asphalt 
and there is as yet no performance information on the new product 
or on 85-100 grades. Since the change has involved an increase 
in LMS, Exxon also may now be a candidate for blending. As with 
other asphalts, care must be exercised in control of asphalt 
content and additive selection. tncerectingiyn fly ashiic 
contained in the one Exxon text section that has undergone 
cracking as well as in the better-performing sections from the 


rutting/cracking study of Interstate pavements. 
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Table 7-4 


Percent LMS in Test Sections 


Components SLMS 
Exxon/ Zale 
Exxon/Lime 222 
Exxon/Acra PS bes 
Exxon/Fly Ash 21.9 
Cenex/Fly Ash 2025 
Cenex/ 20°50 
Cenex/Acra One 
Cenex/Lime 2 eee. 
Simmons/Lime 24.8 
Simmons/ ae en 
Simmons/Acra 24.9 
Simmons/Fly Ash 25.4 
Connoco/Simmons 20.0 
Conoco/Fly Ash ADT) has 
Conoco/ Seay 
Conoco/Acra tl Ae 
Conoco/Acra Lh 3.0 
Conoco/85-100 18.4 
Conoco/ChemCrete Pha POT 
Conoco/Carbon Black 18) ..0 
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Task 8. New Advances in Asphalt Modifications 

Asphalt additives and modifiers are receiving increased 
attention as highway agencies struggle to construct pavements 
that will perform well under arduous conditions. 

Thirty-six state and provincial transportation agencies were 
surveyed in 1988 regarding their research into the use of such 
modifiers and additives. Of the thirty agencies responding, a 
few had conducted no related research. However, the others 
supplied information and reports on a wide range of materials. 

That information has been distilled into the accompanying 
table (Table 8-1) the features of which will be discussed later. 

Some overall observations are in order at this point. Some 
additives have gone through a flurry of activity but are now 
quiescent. Sulfur, for example, was tested by nine of the 
responding state agencies. Some were not disappointed by the 
performance of the pavements. However, the relative cost of 
sulfur no longer drives its use. There is concern about the 
environmental and health aspects of sulfur, but the agencies were 
able to keep emissions to a minimum in most cases. 

Chemcrete, which is no longer being produced in the WS. 
was also widely tested. Most agencies reported that performance 
was, at best, no better than controls and that cracking was the 
most Significant form of distress. However, Montana's test 
section shows little cracking, although it did rut, and New 
Jersey finds it to be among the better performers in one of its 


test series. 
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Several agencies have used fiber additives with mixed 
results. These materials are expected to reduce rutting and 
reflective cracking. Ontario, Ohio and Pennsylvania have seen 
some benefit; Illinois reported good results with patching mixes 
containing fibers. Users must use adequate mixing time with 
these additives and a soap must be added to water for the roller 
to avoid pick-up. 

There is some confusion over semantics with regard to the 
terms? Nlatexy “eipolymer' ganda rubbera), Forepurposes,of.this 
paper "latex" includes styrene-butadiene (SB or SBR), neoprene, 
and other materials which are presumed to be used as liquid 
"latexes." "Polymer" covers polyethylene, ethylene 
vinylacetate, and styrene-butadiene-styrene, some of which are 
added as solids to the mix. The term "rubber" is restricted to 
reclaimed rubber, ground rubber tires, in various formulations. 
Admittedly, the distinctions are somewhat blurred, so all three 
sections of the Table should be scanned if a product is not found 
where one might expect it to be found. 

With latexes, mixing and placement temperatures must often 
be higher than usual so that the mix may be worked smoothly. In 
general, agencies report that latex-modified materials are 
performing at least as well as controls. These have been used in 
chip seals with better chip retention in early stages. 

Other polymers have been used by five agencies. Some have 


found reduced rutting and shoving, but not reduced reflection 
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cracking in polymer-modified overlays. Louisiana has been 
particularly happy with its polymer modification efforts. 

Rubber has been used in a variety of forms, also to mixed 
reviews, particularly with regard to the deicing capabilities of 
one product’. 

The "Miscellaneous" category includes sulfur and Chemcrete, 
mentioned earlier, as well as other materials. For example, a 
product called "Verglimit" which is used to retard ice formation, 
particularly on bridge decks, has been tested by several 
agencies. Ohio has the most experience with this material. 
Carbon black has met with success in some trials. 

Reports have been referenced in each case in which one is 
available. These reports generally have laboratory and field 
testing information as well as discussion of construction 
experience. In a few instances, "special provision" requirements 
and/or specifications have been made available. 

Specifications and compliance testing for these new products 
apparently remain a problem for some users. Design criteria are 
often keyed to the Marshall method. Still, some expressed 
concern that these standard methods are inadequate for products 
with such vastly different properties. Nevertheless, agencies 
appear willing to try new products not only in the expectation of 
gaining knowledge, but also in the hope of achieving significant 
improvement in their pavements--all with a healthy dose of 


skepticism. 
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The Table 


Table 8-1 is divided into five sections, "Fibers," "Latex," 


"Polymers," "Rubber," and "Miscellaneous," using definitions 


described above. 
Performance 

to the following 
A 

B 

(e 

D 

E 


Comments on 


is rated (when available from agency) according 
grade system: 

- Excellent 

— Betterthanscontrol 

= Equal to control 

- Worse than control 

- Failure 


performance, construction, etc., are either 


direct quotes from the agency or summarized from its report. 


Reports are 


referenced numerically in the table and listed 


at the end of the table. 


Abbreviations used are as follows: 


ABS 


acrylonitrile-butadiene 

ethylene vinylacetate 

open-graded friction course 

plant mix seal 

stress-absorbing membrane interlayer 
styrene-butadiene - latex 

styrene-butadiene - latex 
styrene-butadiene-styrene - block copolymer 


sulfur-extended asphalt 
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